In the text, a number of general statements have been made regarding analytical expressions that have been chosen by various workers to represent dose distributions for radiation beams. The details of these may, nevertheless, be of interest to a number of people, for example, those who wish to do creative work in the field or evaluate treatment planning systems.
The list of equations is not, and probably cannot be, complete but should certainly be representative. Much of the discussion is taken from Wood (1974) and Redpath and Wright (1981b) . This Appendix deals with photon beams and Appendix B deals with electron beams. Each included equation is accompanied by a very brief explanation of the salient points only and a reference. In Section 2.2.2 it is stated that the dose at a point in an irradiated medium can be expressed as a product of two functions (Eq. 2.1) one describing the central ray and the other giving the cross-beam profile. Appendix A.1 deals with the first of these and Appendix A.2 deals with the second.
A.1 Representation of Central Ray Dose
Distributions for Photon Beams 1. Pfalzner (1960) showed that percentage depth doses for cobalt-60 and lower energy radiation could be expressed as a power function of field area using two sets of parameters:
where z is depth, F is source-to-surface distance and Ao is the field area at the surface. Zref is the depth of dose maximum and K(z) and m(z) are parameters which depend only on z and were evaluated at a series of depths. This expression has been used by a very large number of investigators and many variants of it can be found in the literature. For example, Richter and Schirrmeister (1964) represented K(z) and m(z) by polynomials of 8th and 10th degree, respectively. Such expressions could be expected to fit the data very well because of the large number of free parameters. Most variants of this expression have been developed for use with cobalt radiation but they have also been applied to a variety of photon energies.
2. Sterling et al. (1964) proposed one such representation by introducing the idea of forming an 52 equivalent field dimension which is obtained by dividing the area of a field by its perimeter. This has since been found to be a very excellent representation of the equivalent field dimensions proposed by Day (1972) . Sterling's representation of the depth-dose curve for cobalt radiation (SSD = 80 cm) used four arbitrary constants:
where Xeq2 = UV/2(U + V) is the ratio offield area to field perimeter, the field being described at the surface.
There is not much information available on the ability of this equation to fit measured data, nor the range of energies, etc., over which the fit should be expected. Also, it contains no provision for describing the dose in the build-up region.
3. Richter (1967) used a formalism similar to that of Sterling but represented the tissue-air ratio
For depths in excess of 13 cm, the last term is set equal to zero. The constants take different values depending on the value of In Xeq. 4. Schoknecht (1968) developed a relative tissueair ratio and incorporated in it the relative variation of dose in free space with collimator opening. He also introduced a means of accounting for electron buildup effects:
where A/P is the ratio of field area to perimeter at the reference depth, and /-L, G h So, S1, A o , Al, are parameters to be evaluated for the radiation type. 5. van de Geijn (1965 van de Geijn ( , 1972a van de Geijn ( , 1972b , van de Geijn et al. (1981) , van de Geijn and Fraass (1984) , in a series of papers, utilized a simple polynomial representation for cobalt radiation. with c·C = A = field size at surface
The relation provides a quite precise fit to measured data and has the important advantage that the dose values need be known for only 7 depths in order to determine the constants.
van de Geijn indicates how all the coefficients can be determined efficiently.
6. Kornelsen and Young (1975) proposed a formalism for depth-dose data that is similar to the description of the single hit, multi-target cell survival curve: 
A.2 Representation of Cross-Beam Dose
Distributions for Photon Beams 1. Siler and Laughlin (1962) used tabulated tissue-air ratios to generate the central-ray depth-dose data and a function g(Oi) to represent the cross-beam data. In this form, the coordinate, OJ, describing the position of a point along the cross-beam axis is given as:
where F and z are source-surface distance and depth, respectively. In their use of this formalism, the crossbeam profile, g (Oi,Z) was also manipulated in tabular form. The work is notable in that it greatly decreased the amount of data that needed to be stored in the relatively small computers of that day.
2. Sterling et al. (1964) represented the crossbeam profile gW using an empirically chosen function. Their choice was the cumulative probability integral as presented and discussed in Section 2.2.2. gW = 1 -_ 1_ fl exp (-(r -2 1 )2) M a,j27r -00 2a where r = xiX and C1 is an empirical constant and 2X is the field width. The equation, originally set up for cobalt radiation, was later extended to include a dependence on the depth z, the distance from the source and the energy by Wcinkam et al. (1973) . An alternative to the procedure of Sterling is the method of Richter and Schirrmeister (1965) who described the lateral dose distribution by different polynomials of 7th order for 0 < r < 0.8 and for 0.8 < r < 2 by a straight line for r ~ 2. This avoids the error due to the assumed symmetry at the field edge (r = 1) which results from the use of the error function.
3. van de Geijn (1965 van de Geijn ( , 1970 van de Geijn ( , 1972a van de Geijn ( , 1972b , van de Geijn et al. (1981) , van de Geijn and Fraass (1984) have introduced a model that has been called the projective beam model. It takes account of a very large number of effects such as: penumbra, contour shape, presence of wedge filters, over-flattened beams, etc. Two main geometric zones are considered; these are the inner beam, which is the region exposed to the whole of the source, and the outer beam which is beyond the inner region. The meaning of these parameters is shown in Figure A (1981) . The meaning of relevant parameters is clearly indicated. each of these regions in different ways. In the inner beam, distances are expressed in terms of the halfwidth of the beam through the parameter r = x/X. In the outer beam, the width of the geometric penumbra is used as a unit of distance. This procedure was chosen because in these scaled coordinates, the shape of the cross-beam profiles are very nearly independent of depth and field size and the values of the coefficients used can be derived from as few as three different profiles.
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The model has also been extended to three dimen-sions by using a product of two profiles. That is g(x,y,z) = gt(x,z) • g2(Y'Z)
Van de Geijn's method is capable of very fast computer calculations and its accuracy has been tested extensively.
4. As with the empirical expression of percent depth-dose data, there is an extensive body of literature on the subject of representation of cross-beam data. The models mentioned above are considered to be representative of this.
